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Evolutionary shifts fromoutcrossing to selfing have been frequent in plants, but
little is known about how this occurs. Two new studies of the same species
point to a recent bottleneck that coincided with one such shift.John R. Pannell
Hermaphroditic plants, which make up
the vast majority of angiosperms, have
evolved numerous different ways to
avoid self-fertilization. Some of these
adaptations, or ‘contrivances’, as
Darwin (e.g., [1]) called them, prevent
self-pollination by separating male and
female parts in time or space. An
extreme example of this is the evolution
of fully separate sexes, where
hermaphroditism is abandoned
altogether [2]. Many other species,
however, prevent self-fertilization by
recognising and rejecting their own
pollen using one of several
independently evolved molecular
self-incompatibility mechanisms
[3]. Whereas self-incompatibility is
thought to be difficult to evolve,
shifts from self-incompatibility to
self-compatibility are much easier
and more frequent [4,5]. Two
competing hypotheses are widely
cited as reasons for these shifts.
One idea, the ‘reproductive
assurance’ hypothesis, supposes
that self-compatible individuals will
be favoured under conditions of
poor mate or pollinator availability [6].
Alternatively, the ‘automatic
transmission’ hypothesis posits
that self-compatibility may evolve
simply because selfing individuals
transmit an extra copy of their genes
to the next generation through their
own pollen grains that are no longer
rejected [7].
Although the reproductive assurance
hypothesis would seem to explain
certain patterns in the distribution of
outcrossing versus selfing populations
[8], it has been surprisingly difficult to
substantiate with clear evidence [9].
Two new studies [10,11] not only
provide compelling evidence
consistent with predictions of the
reproductive assurance hypothesis,
but they also suggest that a transition
to self-compatibility coincided with the
evolution of a new species.
Although the reproductive assurance
hypothesis is fundamentally anecological hypothesis invoking a shift
to self-fertilization under limited mating
opportunities, both papers [10,11]
present evidence in its favour from
analyses of DNA sequence variation,
rather than from observations of rates
of pollinator visitation, manipulations of
pollinator access to flowers, or
crossing experiments. These other
approaches potentially provide more
direct tests of the hypothesis, but the
evolutionary transitions of interest
typically occurred a long time ago when
ecological conditions may have been
very different from now, and the
resulting lineages that then evolved
may have undergone substantial
further evolution since. Ecological data
may thus often be less useful than they
might seem. In contrast, molecular
evolutionary analysis of DNA sequence
variation can detect (albeit indirect)
signatures of events long after they
occurred.
Foxe et al. [10] and Guo et al. [11]
studied patterns of sequence variation
at multiple genetic loci in the highly
selfing plant Capsella rubella and its
outcrossing sister species
C. grandifolia (Figure 1), two close
relatives of the plant model species
Arabidopsis thaliana. Capsella rubella
is widely distributed around the
Mediterranean Basin and into central
Europe, and has a population size
probably orders of magnitude greater
than that of C. grandifolia, whose
distribution is restricted to parts of
Greece, Albania and Italy. For
populations at equilibrium, we expect
levels of genetic variation to scale
with population size. In stark
contrast, C. rubella showed much
lower variation at all loci sampled
than the more narrowly distributed
C. grandifolia [10,11]. Variation can
be depleted at loci linked to sites
that have recently undergone strong
directional selection [12], which
might be expected to occur when
a population moves into a new
environment. Patterns of variation
across the genome of C. rubella,
however, indicate that geneticrecombination has been relatively
frequent among loci, limiting the
scope for such so-called selective
sweeps. The extremely low
genetic diversity in C. rubella is
thus more likely the result of
a severe population bottleneck that
preceded a rapid expansion of the
species range.
Comparisons of nucleotide
differences between C. rubella and
C. grandifolia further revealed that
almost all the derived variants that
had been fixed in the selfer by the
putative recent bottleneck are still
segregating in the outcrosser;
moreover, those few polymorphisms
observed in C. rubella are largely also
segregating in C. grandifolia,
suggesting that the haplotypes
present in the selfer were sampled
from existing variation in the
outcrosser when the species
diverged. Foxe et al. [10] compared
their data against a range of different
demographic models and concluded
that the two species probably
diverged from one another within
the last 21,000 years. This would be
consistent with the idea that the
receding ice sheets after the last
glacial maximum and the occupancy
of Europe by humans opened up
new habitat for the ancestors of
C. rubella to invade.
Guo et al. [11] provide further
evidence for a very recent bottleneck
and speciation event from an analysis
of sequence variation at the
self-incompatibility locus itself.
An important hallmark of
self-incompatibility systems is the
very high diversity maintained at
the locus responsible [13]. This is
because self-incompatibility alleles
that become rare as a result of drift
tend to be protected from loss by
selection, because individuals
carrying them can mate with
a greater proportion of the population
when rare and thus have higher
fitness [14,15]. Guo et al. [11]
sequenced the self-incompatibility
locus of seven individuals of
C. grandifolia and indeed found the
expected high peak of diversity,
with no fewer than 12 different
alleles segregating in their sample.
They further sequenced 25
individuals of C. rubella from across
its range at the (now non-functional)
self-incompatibility locus and, in
striking contrast to the high diversity
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R370Figure 1. Inflorescence, with apical flowers and developing fruits, of Capsella rubella (left) and
C. grandiflora (right). Photo courtesy of T. Slotte.in the outcrosser, they found
almost no variation for the single
haplotype observed. Coalescent
analysis suggests that the small
amount of variation found at the
self-incompatibility locus in C. rubella
has arisen as new mutations during
the last 26,000 years or so, following
speciation, and that the ancestral
self-incompatibility allele had
a common ancestor with its functional
counterpart in C. grandifolia about
38,000 years ago. The studies of Foxe
et al. [10] and Guo et al. [11] thus both
point to a recent speciation event that
coincided with a severe population
bottleneck in the lineage leading to
C. rubella and the loss of
self-incompatibility.
How do the sequence data favour
the reproductive assurance hypothesis
for the evolution of self-fertilization
over the alternative automatic
transmission hypothesis? The
evidence is indirect, but quite
compelling. Under the automatic
transmission hypothesis, we would
suppose, first, that C. rubella and
C. grandifolia split from one another
as two large populations, both
retaining their self-incompatibility
system with several self-
incompatibility alleles, as well as
substantial neutral diversity at other
loci, and, later, that a gene causing
the breakdown of self-incompatibility
spread to fixation in a population
ancestral to C. rubella. We would
expect the rapid fixation of self-
fertilisation to deplete neutral genetic
variation at the locus responsible as
well as at closely linked loci — but notat unlinked loci [12]. That neutral
diversity has evidently been lost across
the entire genome of C. rubella is thus
inconsistent with this scenario. In
contrast, the patterns we observe are
just those we should expect if a single
individual, located in Greece, lost its
self-incompatibility mechanism at
a time when pollinators or mates were
scarce [16], for example after
colonisation of new habitat, and then
its descendants rapidly expanded the
range of the new lineage, aided by their
ability to self-fertilise as colonising
pioneers [17].
The evolution of self-fertilisation in
C. rubella was followed by rapid
evolution of its floral morphology
(Figure 1). Its outcrossing ancestor
probably had large attractive flowers,
similar to those of C. grandiflora
today, whereas C. rubella’s flowers are
much-reduced, a pattern consistent
with the evolution of a syndrome of
self-fertilisation [18,19]. Given that
C. rubella established so recently with
almost no genetic variation across its
genome [10,11], the rate of evolutionary
change in floral morphology is quite
remarkable and almost certainly due to
the selection of new mutations rather
than standing variation. Nothing is yet
known about the nature or history of
these mutations. Did they occur
immediately after the shift to selfing and
prior to the range expansion, so that
they are now fixed throughout the
species range? Or could the selfing
syndrome be the result of different
mutations fixing independently at
different loci in different parts of the
species range? Quantitative geneticanalysis of crosses among C. rubella
populations might reveal some
answers.
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